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Abstract 
Sustainable housing is one of the many pathways to reduce the impacts of climate change. Among 
developed nations, Australia has made significant progress in this area. Legislative and financial 
incentives are in place. High quality rating tools were developed to measure and administer legislative 
requirements. There are a good number of demonstration homes across Australia to promote sustainable 
housing. The Ecohome was a demonstration home in Melbourne and a part of a multidisciplinary research 
team looking at sustainability and innovation in outer suburban residential developments. 
Assessment of thermal performance is a key component of outcomes of a sustainable house. In this emerging field, a 
set of thermal performance indicators are proposed and may be utilized when outside and inside temperature 
monitoring data is available. Key indicators include attenuation factor, time lag, percentage time in comfort zone, 
heating and cooling demand and degrees warmer. The Ecohome at Cairnlea in Melbourne was monitored during 2004 
to 2006 for a total period of more than fourteen months. Thermal performance was assessed using these indicators. 
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1. INTRODUCTION
There is a general consensus among the scientific community that global warming is the result of 
anthropogenic activities (IPCC 2007). In other words, human induced emissions of green house gases 
(GHG) is the cause of global warming. Therefore reduction of greenhouse gas emissions is required in 
order to slow down global warming and its associated impacts.  
Housing is one of the major sectors and is responsible for about 20% of the GHG emissions in 
Australia. This includes household private transport. Therefore, housing sector is a key intervention area 
to achieve overall reduction in GHG emissions.  
2. SUSTAINABLE HOUSING- PROGRESS IN AUSTRALIA 
Among developed nations, Australia has progressed well in sustainable housing. The areas where 
progress has been achieved include a number of good examples of sustainable houses, development of 
rating tools to administer mandatory requirements, legislative and financial incentives, institutional 
capacity and sustainable technologies and products. 
2.1. Demonstration Homes (Case Studies) 
There are a number of good examples of sustainable houses in Australia (Commonwealth of Australia 
2008; Rahman 2010). Many of the example homes also form part of research projects. In other words, 
their performances are evaluated in terms of energy and water efficiency, ecological footprint etc. 
2.2. Rating Tools 
A number of rating tools are available in Australia that are being used to evaluate sustainable design. 
Top tier rating tools include FirstRate, BERS and AccuRate. These are widely used rating tools in 
Australia. Some other rating tools include NABERS, BASIX, ABGR and Greenstar.
2.3. Organizations Facilitating Sustainable Housing 
There are a number of key organizations promoting sustainable housing in Australia. Australian 
Greenhouse Office (AGO) is a statutory body responsible for GHG emissions inventory. AHURI 
(Australian Housing and Urban Research Institute) conducts research on social and economic aspects of 
housing. CSIRO (Commonwealth Scientific and Industrial Research Organization) developed the 
AccuRate rating tool. Landcom in NSW and VicUrban in Victoria play a special role by developing 
master planned sustainable communities. Department of Housing in Queensland actively promotes 
sustainable housing through the ‘smart housing’ project. Similar state bodies in other states are also 
actively promoting sustainable housing. Green Building Council of Australia (GBCA) developed the 
‘Greenstar’ rating tool. Sustainability Victoria is a statutory body in Victoria promoting sustainability 
among local government, schools and community groups. 
2.4. Legislative and Financial Incentives 
Currently 5 star standards are mandatory in ACT, Victoria, South Australia and Western Australia. 
Table 1 summarizes the current status according to Building Commission (2008). Rebates are available 
for solar photovoltaic panels, solar hot water systems and rainwater tanks in most of the States and 
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territories. Australia is currently (2009-10) phasing out incandescent light bulbs and replacing with 
energy saving compact fluorescent bulbs. 
Table 1: 5 star regulations across Australia 
State 5 star building fabric 
5 star building fabric plus renovations 
and alterations 
Victoria Yes from 2005 Yes from 1 May 2008 
ACT Yes from 2006 Yes from 2006 
Western Australia Yes from 2006 Yes from 2006 
South Australia Yes from 2006 Yes from 2006 
New South Wales NSW uses BASIX NSW uses BASIX 
Queensland 4 star energy rating - 
Tasmania 4 star energy rating 4 star energy rating 
2.5. Technical Manuals and Sustainable Products 
A comprehensive guide to housing sustainability issues are available for the public and prepared by 
Australian Greenhouse Office. The technical manual is available online for general use by professionals, 
students, researchers and members of the public (Commonwealth of Australia 2008). It includes major 
issues such as passive design, energy use, materials use, water use, site impacts and other impacts. It also 
includes a comprehensive discussion of case studies around Australia. A growing market of sustainable 
products available for buildings include solar PV panels, solar hot water systems, rainwater tanks, 
insulation products, plantation timber, evaporative coolers, energy efficient bulbs, energy and water 
efficient home appliances to name a few. 
3. THERMAL PERFORMANCE INDICATORS 
There is some literature available for quantitative thermal assessment of residential buildings. 
Although the concepts are same or similar, their nomenclature is not uniform. Therefore, the authors 
propose a new set of thermal performance indicators. 
Basso and Caram (2004) used the term "thermal delay" and "amplitude decrement" to evaluate thermal 
comfort conditions. These two terms are referred to as "time lag" and "attenuation factor" in this paper.  
Thomas et al (2006) mentioned three thermal comfort indicators including "mean shift", "decrement 
factor" and "time lag". Although named differently, the first two indicators are same as "degree C 
warmer" and “attenuation factor” respectively used in this paper. 
Oikonomou (2005) reported thermal comfort as "% time of discomfort" using a comfort band of 18-26 
deg C. This author also used "indoor and outdoor temperature fluctuation" which is similar to the concept 
of "attenuation factor".
Sugo et al (2004) studied thermal performance of cavity brick and brick veneer construction 
(residential). In reporting thermal performance they looked at time lag and external and internal 
temperature swings (similar to attenuation factor).  
Willrath (1998) compared thermal performance of a free running and a conditioned house in Brisbane 
climate and used "degree hours of discomfort" which is conceptually the same as "heating and cooling 
need (degree.hour)" used in this paper. 
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Zain et al (2007) mentioned two terms "decrement factor" and "time lag" in relation to thermal 
comfort. 
3.1. Attenuation Factor 
A basic approach is to characterize and correlate the indoor and outdoor temperature curves. For 
example, due to insulation (insulation is used here in a broader sense; any external wall or ceiling 
material has some insulation effect even if insulation products are not used) in external walls and ceilings, 
indoor temperature variation (swing) is generally lower than the outside temperature variation. The ratio 
of indoor temperature swing to the outdoor temperature swing is termed as attenuation factor. Rosenlund 
(2000) discussed this concept and termed it as Attenuation factor.
3.2. Time Lag 
Time lag is a simple concept related to thermal performance. Generally inside temperature curve 
follows the outside temperature curve (cause and effect-outside temperature being the cause and inside 
temperature being the effect). Therefore, there is a time lag between the two curves. In a well insulated 
building time lag is longer than in a poorly insulated building. Therefore, it is a simple but effective 
indicator of thermal performance. Time lag is clearly identifiable when the curve changes direction i.e at 
minimum and maximum temperatures. 
3.3. Heating and Cooling Need 
It is useful to quantify the heating and cooling requirements in degree-hours for an assumed comfort 
band (e.g. 18-26 deg C) and for a particular period. It is assumed that heating is required when inside 
temperature falls below 18 deg C and cooling is required when the same exceeds 26 deg C. Heating and 
cooling need derived this way is dependent on outside temperature set. Therefore same house will have 
different values in different seasons. This indicator is particularly advantageous when comparing thermal 
performance of homes in same location and period. 
3.4. Degree C Warmer (or Cooler) 
In a cool temperate climatic region such as Melbourne, it is desirable to have a higher temperature 
inside than outside. Therefore thermal performance can be expressed as how much warmer is the indoor 
temperature relative to outdoor temperature in degrees Centigrade. Similarly Degree C cooler may be 
used for warm temperate climatic region such as Queensland. Degree C warmer should be used for winter 
period only and Degree C cooler for summer period. 
3.5. Time in Comfort Zone 
A simple to understand indicator is Time in comfort zone. It is the percentage of time the indoor 
temperatures stay in a comfort band (e.g. 18-26 deg C). This indicator also is dependent on outside 
temperature set. 
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4. THERMAL PERFORMANCE: CAIRNLEA ECOHOME 
4.1. The Ecohome Project 
The Ecohome (Figure 1) was built in 2003-2004 as part of a research project looking at sustainability 
and innovation in the outer suburban volume housing market. The Ecohome is a double-storied dwelling, 
the details of which are presented in Table A-1 and A-2 in the appendix. The outcomes of this research 
including thermal performance are reported in a PhD thesis (Rahman 2010).  
Figure 1: Cairnlea Ecohome in Melbourne, Australia. 
4.2. Instrumentation and Monitoring 
The Ecohome was instrumented with temperature and air quality sensors at strategic locations. Air 
temperature was measured at seven locations inside the house and at rooftop outside the house. Thermal 
performance assessed using mean temperature of seven sensors. Ecohome was monitored continuously 
for more than fourteen months during 2004-2006 which included a period of empty house as well as 
occupied house (Rahman 2010). 
4.3. Thermal Performance 
Thermal performance of the Ecohome is summarized in Table 2. The Ecohome is a five star home and 
therefore its performance is of utmost importance. All new homes in Victoria built since July 2005 when 
the five star standards came into force are required to achieve minimum 5 star building envelope. 
Therefore there are a growing number of five star homes in Victoria and their performance should be 
similar to the Ecohome. 
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Table 2: Summary thermal performance of Ecohome 
Performance indicator The Ecohome 
Attenuation factor 0.56 
Time lag (hour:minute) 2:38 
Heating and cooling need  
(daily average in degree.hours) 
20.6 
Degree C warmer 4.53 
Time in comfort zone (18-26 deg C) 62.5% 
5. CONCLUSIONS 
In response to recent regulations regarding energy efficiency in the housing sector, the current housing 
stock is expected to improve in energy efficiency. This paper presents an indication of thermal 
performance of a five star home. However, more homes need to be evaluated in order to establish thermal 
performance of a five star home with more confidence. The set of performance indicators presented in 
this paper may be used by other authors working in similar area. 
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APPENDIX 
Table A-1: Ecohome project details 
Owner Metricon Homes Pty Ltd 
Project Team Designer, Builder & Construction manager: Metricon Homes Pty Ltd 
Landscape Architect: Hassell Architects 
Completion Date January 2004 
Land area Standard block (about 600 m2)
Building size 280.8 m2
Footprint 190.6 m2
Floor height 2550 mm ground floor; 2400 mm upper floor 
Roof pitch 27 degrees 
Construction Type Brick veneer and weatherboard cladding 
Building type Detached house 
Occupancy An English couple (recent migrants) with two school going children. 
Table A-2: Ecohome specification: materials and insulation 
Items Description 
External Nubrik clay brickwork with natural raked mortar joints 
Colorbond metal roofing 
Colorbond fascia, down pipes and quad gutter 
Colorbond weatherboard cladding to first floor side and rear elevations 
Corinthian tempered hardboard flush panel front entry door with glazed panels and aluminium entry 
frame 
Aluminium powder coated balustrade and timber decking to balcony 
Slab Floor Concrete with recycled content and Polystyrene (CO2 blown) insulating waffle pod 
Windows A&L windows aluminium improved with timber reveals 
Double glazed awning windows to front elevation 
Sliding windows to side and rear elevations 
Framing Prefabricated wall and trussed roof framing (plantation materials only) 
Weather wrap R1.3 foil (includes taping of joints and around window and external door frames) 
Weather seals Raven door seals as per standard specification 
Insulation Ceiling: R3.5 (recycled polyester batts) 
External walls: R2.0 (recycled polyester batts) 
Ventilation Venmar advanced ventilation system (heat recoverable) 
Flooring Ceramic floor tiles to entry (through to kitchen), kitchen, dining, living, linen and wet areas- natural 
fibre carpet to remaining areas 
